GPR7 and GPR8 are orphan G protein-coupled receptors that are highly similar to each other. These receptors are expressed predominantly in brain, suggesting roles in central nervous system function. We have purified an endogenous peptide ligand for GPR7 from bovine hypothalamus extracts. This peptide, termed neuropeptide B (NPB), has a C-6-brominated tryptophan residue at the N terminus. It binds and activates human GPR7 or GPR8 with median effective concentrations (EC50) of 0.23 nM and 15.8 nM, respectively. In situ hybridization shows distinct localizations of the prepro-NPB mRNA in mouse brain, i.e., in paraventricular hypothalamic nucleus, hippocampus, and several nuclei in midbrain and brainstem. Intracerebroventricular (i.c.v.) injection of NPB in mice induces hyperphagia during the first 2 h, followed by hypophagia. Intracerebroventricular injection of NPB produces analgesia to s.c. formalin injection in rats. Through EST database searches, we identified a putative paralogous peptide. This peptide, termed neuropeptide W (NPW), also has an N-terminal tryptophan residue. Synthetic human NPW binds and activates human GPR7 or GPR8 with EC 50 values of 0.56 nM and 0.51 nM, respectively. The expression of NPW mRNA in mouse brain is confined to specific nuclei in midbrain and brainstem. These findings suggest diverse physiological functions of NPB and NPW in the central nervous system, acting as endogenous ligands on GPR7 and͞or GPR8.
GPR7 and GPR8 are orphan G protein-coupled receptors that are highly similar to each other. These receptors are expressed predominantly in brain, suggesting roles in central nervous system function. We have purified an endogenous peptide ligand for GPR7 from bovine hypothalamus extracts. This peptide, termed neuropeptide B (NPB), has a C-6-brominated tryptophan residue at the N terminus. It binds and activates human GPR7 or GPR8 with median effective concentrations (EC50) of 0.23 nM and 15.8 nM, respectively. In situ hybridization shows distinct localizations of the prepro-NPB mRNA in mouse brain, i.e., in paraventricular hypothalamic nucleus, hippocampus, and several nuclei in midbrain and brainstem. Intracerebroventricular (i.c.v.) injection of NPB in mice induces hyperphagia during the first 2 h, followed by hypophagia. Intracerebroventricular injection of NPB produces analgesia to s.c. formalin injection in rats. Through EST database searches, we identified a putative paralogous peptide. This peptide, termed neuropeptide W (NPW), also has an N-terminal tryptophan residue. Synthetic human NPW binds and activates human GPR7 or GPR8 with EC 50 values of 0.56 nM and 0.51 nM, respectively. The expression of NPW mRNA in mouse brain is confined to specific nuclei in midbrain and brainstem. These findings suggest diverse physiological functions of NPB and NPW in the central nervous system, acting as endogenous ligands on GPR7 and͞or GPR8.
T
here are a large number of orphan G protein-coupled receptors (GPCR) whose cognate ligands have yet to be identified (1, 2) . The search for endogenous ligands of orphan GPCRs is important because GPCRs are in general excellent drug targets (3) . GPR7 and GPR8 are two orphan GPCRs (4). They were originally cloned from human genomic DNA by degenerative PCR using primers based on the sequences of the ␦-opioid receptor and somatostatin receptor. Indeed, GPR7 and GPR8 each share Ϸ40% overall amino acid identities with opioid and somatostatin receptors. Human GPR7 and GPR8 are 70% identical to each other at the nucleotide level and 64% identical at the amino acid level. Interestingly, no orthologue exists for the GPR8 gene in rodents, indicating that GPR8 may have originated as a replicate of GPR7 after divergence of the rodent from other species in mammalian evolution (5) .
The observation that GPR7 and GPR8 mRNAs are expressed in distinct areas in the central nervous system (CNS) (4, 5) , together with the similarity of GPR7 and GPR8 with opioid and somatostatin receptors, strongly argue for the existence of endogenous peptide ligand(s) in CNS. In this study, we have purified a neuropeptide ligand for GPR7 from the bovine hypothalamus. This peptide, termed neuropeptide B (NPB), consists of 29 aa with a unique brominated N-terminal tryptophan. Through EST database searches, we also identified another isopeptide of the same family, termed neuropeptide W (NPW). While this manuscript was being prepared, three papers were published reporting two endogenous ligands for GPR7 and GPR8 (6) (7) (8) . Sequence comparisons revealed that the two peptides described in this study are identical to the peptides identified by the authors of these papers. The biochemical and physiological studies by us and others together support the idea that NPB and NPW function as endogenous ligands for GPR7 and GPR8, with pleiotropic effects in brain.
Methods
All of the detailed information about the experimental procedures is provided in Supporting Methods, which is published as supporting information on the PNAS web site, www.pnas.org. Culture of Xenopus laevis melanophores and DNA transfections by electroporation were done as described (9) . For purifying NPB, the acid͞acetone extraction of frozen bovine hypothalami was performed as described (10, 11) . The details of HPLC procedures and the following cDNA cloning are described in supporting information. All synthetic peptides were synthesized by a standard Fmoc solid-phase synthesis method (12) . Molecular weights of the purified and synthetic peptides were measured by matrix-assisted laser desorption͞ionization-time of flight mass spectrometry. LtkϪ cells, stably cotransfected with the human GPR7 cDNA and the Gqi chimeric G protein ␣ subunit cDNA, were used for the cytoplasmic Ca 2ϩ transient assay (13) . Cytoplasmic calcium levels were monitored by using Fura-2͞AM as described (14) . In situ hybridization on mouse brain slices was performed as described (15) . Mice and rats were housed under controlled lighting and temperature. All experimental procedures involving animals were approved by the institutional committee, and were in accordance with National Institutes of Health guidelines. For intracerebroventricular (i.c.v.) cannulation, a guide cannula was implanted stereotaxically into the lateral ventricle under sterile conditions. Food intake was measured as described (10) . The open field apparatus with 15 ϫ 15 infrared beam arrays at 2.4-cm intervals was used for locomotion analysis. The paw flick test and formalin test were performed as described (16) for the analysis of analgesic effects.
Abbreviations: GPCR, G protein-coupled receptor; NPB, neuropeptide B; NPW, neuropeptide W; TFA, trifluoroacetic acid; CRF, corticotropin-releasing factor; i.c.v., intracerebroventricular; EW, Edinger-Westphal.
Results
Purification of NPB as GPR7 Agonist. We fractionated acid-acetone extracts of bovine hypothalami with a C18 reverse-phase HPLC column, and screened these fractions by the melanosome aggregation assay in X. laevis melanophores transfected with the human GPR7 cDNA. We detected a robust activity in fractions eluted at Ϸ24% CH 3 CN in 0.1% TFA (see Fig. 5 , which is published as supporting information on the PNAS web site). We purified the active substance in these fractions through five additional steps of reverse-phase HPLC. Matrix-assisted laser desorption͞ionization-time of flight mass spectrometry of the purified substance gave a monoisotopic MHϩ mass of 3,238.7. Automated Edman degradation revealed the sequence XYKPTAGQGYYSVGRAAGLLSGFHRSPYA, where X indicates an undefined hydrophobic amino acid. We determined that this residue is C-6-L-brominated tryptophan (for details, see
Supporting Results and Fig. 6 , which are published as supporting information on the PNAS web site).
cDNA and Amino Acid Sequences of NPB and NPW. Based on the amino acid sequences of the purified bovine NPB peptide, we searched the National Center for Biotechnology Information EST database by using the TBLASTN algorithm with the default set of stringency parameters. This resulted in identification of EST sequences encoding the human (AW058203), mouse (AI430753), rat (BG376816), Xenopus (AL640188), and zebrafish (BM571370) orthologues of the prepro-NPB precursor. A full-length cDNA encoding bovine prepro-NPB was obtained from bovine spinal cord mRNA. All prepro-NPB orthologues deduced from these cDNAs contained the putative mature NPB peptides consisting of 29 aa (Fig. 1) . The first predicted amino acid of all of these mature NPB orthologues is tryptophan.
In addition to these NPB orthologues, we obtained the human (AI500303) and rat (BQ134951) cDNAs for a paralogous prepro-peptide, termed NPW. The mouse prepro-NPW cDNA was obtained by RACE using mouse lung mRNA. Prepro-peptides of NPW deduced from these cDNAs contained the putative 30-amino acid mature NPW sequences ( Fig. 1 ). All of these mature NPWs had an N-terminal tryptophan. All mature NPWs also had a pair of arginine residues in their 24th and 25th positions (Fig. 1B) . Therefore, a shorter form of NPW (23 aa) may also be produced as a result of proteolytic processing at this site. The amino acid sequences of both NPB and NPW exhibited no meaningful similarity to any other known peptides, including somatostatins and opioid peptides.
In Vitro Pharmacology of NPB and NPW. Melanophore assay. X. laevis melanophores were transiently transfected with the human GPR7 or GPR8 cDNA, and challenged with various forms of synthetic human NPB and NPW. Both brominated and nonbrominated NPB potently stimulated the aggregation of melanosomes in melanophores transfected with GPR7 cDNA. EC 50 values were 0.18 and 0.23 nM, respectively, with approximately the same efficacies ( Fig. 2A) . When the first tryptophan residue was deleted (des[L-Trp-1]NPB), the potency on GPR7 dramatically decreased (EC 50 ϭ 13.4 nM). GPR8 showed a lower apparent affinity for NPB as compared with NPW ( Fig. 2B ).
EC 50 values of the brominated and nonbrominated NPB on GPR8 were 14.1 and 15.8 nM, respectively. Nonbrominated NPW showed similar activities on GPR7 and GPR8 with EC 50 values of 0.56 and 0.51 nM, respectively. Synthetic brominated NPW had a slightly lower potency for both receptors than the nonbrominated peptide (EC 50 ϭ 1.15 and 1.0 nM). When the first tryptophan residue of NPW was deleted (des[L-Trp-1]NPW), its activity on GPR7 and GPR8 also declined dramatically, with EC 50 values of 49.9 and 13.5 nM, respectively. Cytoplasmic Ca 2؉ transient assay. We analyzed the intracellular calcium mobilization induced by synthetic NPB and NPW in mouse LtkϪ cells. The human GPR7 cDNA was stably transfected into LtkϪ cells with or without the Gqi chimeric G protein ␣ subunit cDNA, which can redirect Gi␣-driven signal to the Gq signaling pathway (13) . Both NPB and NPW induced the rapid mobilization of intracellular calcium at doses from 10 Ϫ7 to 10 Ϫ9 M, with EC 50 values of 3.9 and 10.9 nM, respectively (Fig. 2C) . Neither NPB nor NPW induced a detectable calcium mobilization when the Gqi cDNA was not cotransfected, indicating that GPR7 transduces its signal through G proteins with a Gi-class, but not Gq-class, ␣ subunit. This is consistent with the findings above that NPB and NPW induce melanosome aggregation in Xenopus melanophores, which is well documented to occur through the Gi-coupled signaling pathway.
Unusual Start Codon in Mouse and Human NPW cDNA. In the rat prepro-NPW cDNA, a typical ATG translation initiation codon was found at the 5Ј end of the encoded signal peptide. In human and mouse prepro-NPW cDNAs, however, no ATG codon was found at or near the corresponding position; instead, there was a CTG codon (Fig. 7A , which is published as supporting information on the PNAS web site). We predicted that this CTG codon functions as the translation initiator, because it could potentially start an ORF that encodes appropriate prepro-NPW. We mutated the CTG codon of the mouse prepro-NPW cDNA into ATG or CGG, and made a cDNA construct with each mutation with a FLAG epitope fused to the C terminus of the coding sequence. These constructs were transiently transfected into Chinese hamster ovary (CHO) cells and cell lysates were then processed for Western blotting with the anti-FLAG antibody. Equal amounts of the mouse NPW prepropeptide were translated from mRNAs containing either the CTG or ATG initiator codon in CHO cells (Fig. 7B) . This demonstrates that the CTG codon in this context was used as a translation initiator with efficiency virtually equal to the canonical ATG codon.
Tissue Distributions of NPB and NPW mRNAs. In in situ hybridization to mouse brain sections, expression of NPB mRNA was detected in hippocampus (CA1, CA2, and CA3 in Fig. 3A) , lateral habenular nucleus (LHb in Fig. 3A) , paraventricular hypothalamic nucleus, medial parvicellular part (PaMP in Fig. 3B ), Edinger-Westphal (EW in Fig. 3C ) nucleus, motor root of the trigeminal nerve (m5 in Fig. 3D ), sensory root of the trigeminal nerve (s5 in Fig. 3D ), lateral parabrachial nucleus internal part (LPBI in Fig. 3 E and F) , mesencephalic trigeminal nucleus (Me5 in Fig. 3F ), subcoeruleus nucleus alpha part (Sub CA in Fig. 3F ), locus coeruleus (LC in Fig. 3G ), noradrenergic cell group A5 (A5 in Fig. 3 F and G) and inferior olive subnucleus B (IOB in Fig. 3H ). The strongest expression of NPB was observed in the EW nucleus.
NPW mRNA was detected only in a few confined areas: periaqueductal gray matter (PAG in Fig. 3 I-K) , ventral teg- mental area (VTA in Fig. 3 I and J) , EW nucleus ( Fig. 3 I and  J) , and dorsal raphe nucleus (DR in Fig. 3K ), especially the dorsal part of dorsal raphe nucleus (DRD in Fig. 3L ).
In Vivo Pharmacological Effects of NPB. Effects on food intake. Hypothalamic nuclei such as the dorsomedial, paraventricular, and arcuate nuclei are well known to be involved in the regulation of feeding behavior (17) . Expression of GPR7 mRNA in these nuclei prompted us to examine the role of NPB in feeding behavior in mice. When NPB was i.c.v. injected during the light phase, we observed no significant effects of NPB on feeding behavior (data not shown). In contrast, in the dark phase, i.c.v. administration of 3 nmol of NPB increased feeding, but only within the first 2 h (Fig. 4 A and B) . A higher dose of NPB suppressed food intake in this interval. After 2 h, both doses of NPB exerted a significant anorexic effect. The colocalization in EW nucleus of NPB͞NPW with urocortin, a stress-related CA1-3, CA1-3 field of hippocampus; LHb, lateral habenular nucleus; PaMP, paraventricular hypothalamic nucleus medial parvicellular part; EW, EW nucleus; m5, motor root of the trigeminal nerve; s5, sensory root of the trigeminal nerve; LPBI, lateral parabrachial nucleus internal part; Me5, mesencephalic trigeminal nucleus; Sub CA, subcoeruleus nucleus ␣ part; A5, noradrenergic cell group A5; LC, locus coeruleus; IOB, inferior olive subnucleus B. (I-L) NPW mRNA in mouse brain. PAG, periaqueductal gray matter; EW, EW nucleus; VTA, ventral tegmental area; DR, dorsal raphe nucleus; DRD, dorsal raphe nucleus dorsal part.
Fig. 4. In vivo pharmacological effects of i.c.v.-injected NPB on food intake (A and B), locomotor activity (C), and nociception (D and E). (A)
Vehicle or 3 or 10 nmol of synthetic rat NPB was i.c.v. injected in bolus into freely fed mice, and food consumption was measured. Injections were performed at 20:00 (beginning of dark phase) and food intake was measured at 22:00, 00:00, and 08:00 the next morning (end of dark phase). The data represent food intake between the indicated times (mean Ϯ SEM, n ϭ 4 -5 per group). Asterisks indicate significant difference (P Ͻ 0.05, one-way ANOVA, Fisher's post hoc analysis). (B) Anorexic effect of NPB is enhanced by pretreatment with CRF. CRF (0.3 nmol) was i.c.v. injected 15 min before the injection of 3 nmol of synthetic rat NPB in mice. NPB was i.c.v. injected at 20:00 (beginning of dark phase), and food intake was measured at 22:00 and 00:00. n.d., no food intake detected (bars invisible). The data represent food intake between designated times in dark phase (mean Ϯ SEM, n ϭ 7 per group). Asterisks indicate the significant difference (P Ͻ 0.05, one-way ANOVA, Fisher's post hoc analysis). neuropeptide of the corticotropin-releasing factor (CRF) family, leads us to test the effects of coadministration of NPB and CRF. The anorexic effect of NPB was markedly enhanced when CRF, a known anorexic peptide, was preadministered. The i.c.v. administration of these two peptides almost completely suppressed the food intake over 4 h (Fig. 4B) .
Our data showing a biphasic (early orexigenic followed by delayed anorexic) effect of NPB are different from the simple orexigenic action of NPW reported by Shimomura et al. (7) . Because rodents only have GPR7 that accepts both peptides with relatively high affinities, these differences cannot be ascribed to the different potency rank orders of the two peptides on GPR7 and GPR8. Although the details of experimental conditions differ between the two studies (7, 10) , this finding indicates that further evaluation is required to establish the potential role of NPB and NPW in the regulation of food intake. Effects on locomotor activity. Locomotor activity was recorded in an open-field activity monitor over 2 h after i.c.v. injection of NPB in rats. In both dark and bright phase, 3 nmol of NPB induced a significant hyperlocomotion (Fig. 4C) . Analgesic effects. Several distinct areas in CNS where the expression of NPB, NPW, or GPR7 mRNA was observed, particularly periaqueductal gray matter and amygdala, are known to express opioid receptors (18) . This colocalization suggests the possibility that NPB, NPW, and GPR7 may have a role in the afferent pain pathway and͞or regulation of pain-related affective behaviors. Possible analgesic effects of NPB were evaluated by the paw flick test and formalin test in rats. A heat-producing light beam aimed at a hindpaw was used to induce thermal pain, and the latency for paw flicking was examined with or without 3-nmol i.c.v. injection of NPB. NPB did not affect the behavioral response against the acute thermal stimulus (Fig. 4D) . The chemical inflammation induced by carrageenan was further imposed on the same rats, and the response to the thermal stimulus was reexamined. Two milligrams of carrageenan significantly shortened the latency in paw flicking, and this was not affected by NPB. In contrast to these negative results, i.c.v. injection of NPB significantly reduced the licking duration in the formalin test (Fig. 4E) . The time spent in licking the hindpaw after formalin injection is believed to correlate with perceived pain and the intensity of behavioral response to pain (16) . Both brominated and nonbrominated NPB, administered i.c.v., were effective between 10 and 30 min after formalin injection, demonstrating a central analgesic effect of the peptide against chemically induced pain.
Discussion
The peptide ligand for GPR7 that we have isolated from bovine hypothalamus, termed NPB according to a previous paper (6), has a brominated N-terminal tryptophan. Additionally, at the mRNA level we have identified in silico a paralogous peptide, termed NPW (7) . In this study, we did not attempt to purify NPW at the peptide level. NPW was shown by another group to have a short form (23 aa) as well as a long form (30 aa) (7). Both synthetic NPB and NPW activate GPR7 and GPR8 with EC 50 values of subnanomolar to nanomolar. NPB had a modestly higher potency than NPW on the activation of GPR7, whereas GPR8 was activated much more potently by NPW.
We and the Takeda group have independently identified the bromination of the first tryptophan residue of NPB (6) . Although bromine is the fifth most abundant inorganic anion in human plasma and tissues, its physiological roles in terrestrial animals have not yet been established. Nonspecific bromination on tyrosine residues of proteins found in bronchoalveolar lavage fluid was reported in patients with allergen-induced asthma (19) . This bromination is catalyzed by eosinophil peroxidase, which is released from allergen-activated eosinophils. Bromine, as well as the pseudohalide thiocyanate, is a physiological substrate for this enzyme thereby generating a halogenating oxidant (20, 21) . This is in contrast to neutrophil peroxidase, which uses chlorine under physiological concentrations of halides. Other than this example, to our knowledge, no posttranslationally brominated polypeptides have been reported in terrestrial animals. Some peptides from the venom of carnivorous marine cone snails, such as -conotoxin, are shown to have brominated tryptophan(s) (22) (23) (24) (25) . Like NPB, brominations on these peptides of conus venom were found at the C-6-position of the indole moiety. Although NPW has an N-terminal tryptophan, bromination of NPW has not yet been detected (7) .
The role of bromination on the N-terminal tryptophan residue of NPB remains unknown. In the melanophore assay, nonbrominated NPB had essentially the same potency and efficacy as brominated NPB both on GPR7 and GPR8. Fujii et al. (6) have shown the similar results in cAMP inhibition and binding assays. Also in the formalin analgesia test, centrally administered brominated and nonbrominated NPB exerted essentially the same degree of analgesic effects. However, the physiological roles of bromotryptophan should be further investigated. For example, bromination might stabilize the peptide in local environments in vivo. Indeed, it is known that peptides with an N-terminal tryptophan tend to be more susceptible to aminopeptidases (''N-end rule'') (26) , and bromination may block this degradation.
In the mouse and human prepro-NPW cDNAs, we found a CTG codon at the putative translation initiation site. By in vitro mutational analysis, we demonstrated that this CTG codon in the mouse prepro-NPW cDNA is in fact used as an efficient translation initiation site (see Fig. 7 ). The nucleotide sequence surrounding this initiator CTG matches Kozak's rule (27) . Several genes have non-ATG translation initiators in addition to a downstream and in-frame ATG initiation codon (28) (29) (30) (31) (32) . The non-ATG-initiated translation generates N-terminally extended proteins. In contrast, genes having a single non-ATG translation initiator without a downstream ATG are extremely rare in eukaryocytes (33) (34) (35) . The biological significance of non-ATGinitiated translation of prepro-NPW remains to be investigated.
The distinct expression patterns of NPB and NPW mRNAs in brain suggest separate roles in CNS functions. In mouse brain, NPB mRNA was most abundantly expressed in the EW nucleus of the midbrain. A less prominent expression of NPW mRNA was also observed in the EW nucleus. This nucleus has been classically known for its function in pupillary light reflex. However, many neurons in the EW nucleus actually project to the spinal cord, especially to the superficial dorsal horn (36, 37) . In light of the analgesic effect of NPB shown in the present study, this finding suggests the possibility that NPB͞NPW originated in the EW nucleus may be involved in nociceptive processing in the dorsal horn (see below). In addition, recent studies show that the expression of urocortin in CNS is confined to the EW nucleus (38) . Urocortin is a neuropeptide closely related to CRF, and is thought to mediate stress-induced behaviors (39) . Further studies may provide a new insight into the physiological role of this nucleus.
GPR7 mRNA is expressed abundantly in amygdala in rat brain (5) . In mouse brain, GPR7 mRNA is expressed also in the bed nucleus of stria terminalis as well as in amygdala (see Fig. 8 , which is published as supporting information on the PNAS web site). A number of brainstem monoaminergic nuclei, which are known to send afferents to amygdala, express NPB and͞or NPW mRNA abundantly. NPB mRNA is expressed in locus coeruleus, A5 noradrenergic cell group, nucleus parabrachialis (Fig. 3  E-G) , and nucleus of the solitary tract (data not shown). NPW mRNA is expressed in dorsal raphe nucleus, ventral tegmental area, and periaqueductal gray matter (Fig. 3 I-L) . The limbic system, including amygdala and bed nucleus of stria terminalis, might use NPB and NPW for relaying signals from the brainstem to govern affective behaviors. Licking response after pain stimulus by formalin is thought to be a complex supraspinal behavior, which reflects the affective and motivational aspects of nociceptive processing (40) . In our study, NPB significantly reduced the licking response during the late phase of formalin test. It would be interesting to see whether NPB and NPW is involved in the nociceptive processing in the limbic system. NPB did not exert appreciable analgesic activity in our paw flick tests, with or without preexisting inflammation induced by carrageenan. Although this may be in part due to the qualitative differences of heat-induced (paw flick test) versus chemically induced pain (formalin test), a plausible explanation is that NPB may be mainly involved in the supraspinal regulation of pain processing, which is known to be closely manifested in formalininduced licking behavior. Indeed, the internal lateral parabrachial nucleus (LPBI) contains abundant NPB mRNA (Fig. 3 E  and F) . Neurons in the LPBI project almost exclusively to the intralaminar thalamic nuclei, and receive almost exclusively spinal afferents that are thought to be involved in nociception (41, 42) .
We observed a short-lasting orexigenic effect of NPB in mice. Shimomura et al. (7) have also reported an orexigenic effect of the short-form NPW in the first 2 h of injection into rat brain. These orexigenic effects might reflect direct actions of NPB on GPR7-expressing ''orexigenic neurons'' in hypothalamic nuclei such as the dorsomedial, paraventricular, and arcuate nuclei. In this study, however, in addition to this early orexigenic effect, we observed a delayed but more marked anorexic effect of NPB after 2 h of i.c.v. injection. Furthermore, NPB markedly enhanced the well-established anorexic effect of CRF when coadministered, suggesting an interaction between the NPB͞NPW and CRF͞urocortin systems. It is tempting to hypothesize that the late-phase anorexic effect of NPB might be due to its involvement in the limbic system, i.e., it might be mediated through motivational components, which have influences on the hedonic aspect of eating.
In conclusion, our observations suggest the diverse functions of NPB and NPW in CNS acting as endogenous ligands for GPR7 and͞or GPR8. Considering the distributions of NPB, NPW, and GPR7 mRNAs outside CNS (see Fig. 9 , which is published as supporting information on the PNAS web site), it is obvious that these peptides may also function in peripheral organs as paracrine or endocrine factors.
